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Two questions to answer

» Can we learn from full jet measurements at
RHIC in the LHC era?

» Can we measure jets at RHIC?
— untriggered and at high rates
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Probing properties of the QGP
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» Measurements integrate over time evolution of medium
— all properties are varying: T, n/s, g-hat, e-hat

» How can we unambiguously see changes near T¢?
— run through same time history at different To
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Investigating the QGP along multiple axes
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PYTHIA+VNI T=350 MeV, R=0.2 E >20 0
—e—— Vacuum
—e— 0,=0.2
0.,=0.35
—e— 0,=0.6
Coleman-Smith and Muller,
arXiv:1205.6781

Sensitivity to effective coupling

Sensitivity to interaction
of jet with medium

Sensitivity to the effective
constituents of the QGP?

Jet abservables at RHIC

Models constrained
by LHC data

1/o0do/dA
N

—— PYTHIA
mmm= PYTHIA + 0-10% Au+Au
— — PYTHIA + 40-50% Au+Au -

E,>20GeV, E,>5GeV, R=0.2

Qin and Muller
PRL 10(?, 162302I(2011)
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\s=200 GeV central Au+Au R=0.6

E.>50 GeV, E_>10 GeV
T2

NLO pQCD, p+p
NLO pQCD, g,.,.=18w =3 GeV

NLO pQCD, g,..,~20w =5 GeV
NLO pQCD, g, .,22w =10 GeV
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sPHENIX stage I design

Make use of new technologies to get something that is:

%%\\\\\\W

uniform
%

fast

(& 2012-08-23  J.A. Hanks - Future Jets at RHIC with sPHENIX q\\\\ Stony Brook Universi

PH=<ENIX



Rates at RHIC for 20 week Run
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2 107E riaht @+ g jets 107 jet 109 jet 107 jet
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= 102 \\ —=— Fragmentation vy
AR w1 (R _=0.2) 108 jets 10° jets 108 jets
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A 107 \\\ >40 GeV 10° jets 104 jets 10° jets
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AL T N
> 107 W Cu+Au ~ Au+Au/d
— — \ ' .
£ 0%k SN U+U (tip-tip) ~ Au+Au/500
= N
3 ol RN
o 10°¢ AN
— N
A0 v b by g I |||||||| . .
010 ol LSS L Only stochastic cooling of
Transverse Momentum (GeV/c) Au beamS assumed
Huge rates allow differential measurements with geometry
(V,, Vi, A+B, U+U, ... ) Greater rate and pr reach
precise control measurements (d+Au & p+p). than Sing|es

Over 80% as dijets into |n|<1
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Simulating 200 GeV Aut+Au with HIJING

g Underlying event distribution Underlying event distribution

120 L B e N A
A — 1 100— < <E,>=59 GeV/c
100 — — ] B ‘n| 05 o =11 GeV/c .
. 80 + per Nstrip(0.1)
40 40
i full HIJING + GEANT4 -
T Y-S s Y JE— 0% 20 “a0 e 80 120LM 120
2 o | @ Clear n dependence for larger acceptance

H NISEE : motivated ATLAS/CMS-like method
:* ' HIJING seems to get overall multiplicities

isE correct for RHIC energies

—e— sPHENIX hijing

o e eroRe Large background/fluctuations motivate
o5 ek, Careful study of subtractions and fake rates
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Iterative jet finding algorithm

(Run jet reco (anti-kr)
algorithm on 0.1x0.1
\calorimeter cells

inspired by ATLAS
J.A. Hanks et al., Phys. Rev. C 86, 024908 (2012), arXiv:1203:1353
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Iterative jet finding algorithm

- . , p r : ,
Run jet reco (anti-kr) Determine set of R=0.2 seed jets
algorithm on 0.1X0.]  j— 1t pass: towers in jet satisfy f%mai > 3

. T
calorimeter cells 21d pass: jet Er > 20
\ o v ¥ ’
Determine vz for event
- exclude towers within An < 0.4 of seed jet

- A
Determine background Et 1n 1 strips
- demodulate by v

- exclude towers within AR < 0.4 of seed jet

' Ny

- ) f \
Subtract background from jets Subtract background from event
tower-by-tower tower-by-tower

- first remodulate background by v» y - first remodulate background by v»

( Run jet reco algorithm)

inspired by ATLAS ( Output: background subtracted reco jets of various R values )
J.A. Hanks et al., Phys. Rev. C 86, 024908 (2012), arXiv:1203:1353
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure
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Stepping through the subtraction procedure

pseudorapidity

{ \VZ
PH-<ENIX
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Stepping through the subtraction procedure

pseudorapidity

{ \VZ
PH-<ENIX
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC (R=0.2)
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Fake Jets at RHIC vs R

Au+Au @ 200 GeV, 0 - 10%

LI |

== HIJING True Jets

® sPHENIX Recon. Jgts
— sPHENIX Recon. matched
sPHENIX Recon. not matéhed

R = 0.3 Anti-k, Jets

‘i,
T

— 10
2 k..
A 10" ..
S 1072
.‘?110'3
2
-cg 10
o
> 10°
<
~ 10
107
108 , T
2} 120:—
10-9 100:—
E L
80—
605—
20;

arXiv:1203:1353

P e,
w[-HI“'r 11 1'1"‘:-&:-L.J ' L daaboalead l Ladaalaal

LI I LI I LI I LI I LI I T I

Au+Au @ 200 GeV, 0 - 10% |
+ R = 0.3 Anti-k; Jets
Reco E; = 35-40 GeV
True <E;> = 29.6

S _
S+B) - 0.908

llll[lllllllllllllllllll

‘A_L‘J.L.I_IJ;J_JJJJJ

40 50 60 70

ET.true [GeV]

2012-08-23  J.A. Hanks -

c;|ﬂm IIIMHlI

-—
o

-
<

102

10

/N, entsdNieis/dE; [(GeV)]

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Njets

s

Au+Au @ 200 GeV, 0 -110% —

-+-- HIJING True Jets B

® sPHENIX Recon. Jets §

e, B — SPHENIX Recon. matched ]
- sPHENIX Recon. not matched =

*..  R=0.4Anti-k; Jets |—=

Py L B H L L B B =
2olF Au+Au @ 200 GeV, 0 - 10% [S
20l R = 0.4 Anti-k, Jets =

18
16
14
12
10

o N A O O

s
N
. 04
e | L

: ‘..

1 ir

Reco E; = 45-50 GeV
®  True <E;>=33.87

S _
S+B) 0.833

II]|III|III|III|III|III|IIIIIII|III|III|III|III|_

Aeyeeria loa g1y LJLIJI_J+‘~I"J‘1\I4.J;_.1LJ
70

-

“h

Future Jets at RHIC with sPHENIX

20

30 40 50 60
ET.true [GEV]

ty 12

\/
>EENIX

1\\\‘ Stony Brook Universi



How well are we doing for real jets?

Embed PYTHIA jets in HIJING background
p+p shows effect of discretizing PYTHIA

0-5\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\ 1\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
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O  anti-k. R=0.4, 0-10% Au+Au

_____ anti-k_ R=0.2, p+p - ---- anti-k;. R=0.2, p+p

03- = ----- anti-k R=0.4, p+p - - - anti-k R=0.4, p+p 7
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Embed PYTHIA jets in HIJING background
p+p shows effect of discretizing PYTHIA

efficiency

= e .

><ENIX

anti-k. R=0.2, 0-10% Au+Au
anti-k R=0.4_ 0-10°% An+An

0.8

0.6

0.4

0.2

2012-08-23

How well are we doing for real jets?
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HIJING Jet Reconstruction Efficienc
Au+Au @ 200 GeV, 0 - 10%

T=().2
T=0.3
T=O.4

e (GEevV)

J.A. Hanks -

Future Jets at RHIC with sPHENIX

anti-kT R=0.2, 0-10% Au+Au
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Including detector effects

orimeter (EMCal + HCal) Energy Resolution (protons, with field)

full GEANT4 — 0.85/IE

= 0.75/\E

...........

©® _ Poce- . 0@ ® )
@0® @@ ©© ®e®..9
® OXOXCYOIO) @@ @@@-@.Q....Q

single particles
better than 65%/E
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= 90%/E, R = 0.2 jets
"t full GEANT4 in p+p
902630265060 Et7|S[Ge\?]O

Parameterize single particle
resolution and apply to cells used
to measure jets in HIJING

- (check that effective resolution is
comparable to GEANT4 in p+p)
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Including detector effects
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Unfolding detector effects

PYTHIA jets plus
underlying
central Au+Au event
plus detector smearing

use ROOUNFOLD lterative
Bayes' method

recovers truth spectrum

jet Raa to high pr possible
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10° - sPHENIX measured and Unfolded (Bayes Method) §
10% = =
10° = 3
10° E
— e LR -]
— e .-, -
10 = :I::F T —
_ | B! ]
£ = =
S 12 =
% 1T1E- —=
"g 1 ;@—O——O——O—O——O——O——O— —O— #} =
S 09E- {} =
E 0.8 ;— , , ) —E
20 30 40 50 60 70

Al
I~

S =1)\'1),4

2012-08-23

J.A. Hanks -

Future Jets at RHIC with sPHENIX

1\\\‘ Stony Brook University 15



—h

—
N A OO O0ON

—k
—L

R,, 0-10% Central Au+Au
o o o
D O o

O
N

.

Sensitivity to inclusive jet-quenching

T

Simulation Results
- sPHENIX Unfold Projection
Jet Quenching (Qin et al.)
Jet Quenching (Vitev et al.) w/o CNM effects
ssnnnnnnnm Jet Quenching (Vitev et al.) w/ CNM effects '
Eoooooooooo¢¢++{}oooo—
R — =

lllllllllllllllllll|llll|llll|lllllllll

0 25 30 35 40 45

50

55

60

Transverse Energy [GeV] (Jet R=0.2)

~10% systematic
from unfolding

Al
>EENIX

2012-08-23  J.A. Hanks -

Future Jets at RHIC with sPHENIX

1\\\‘ Stony Brook University 16



—h

—
N A OO O0ON

—k
—L

R,, 0-10% Central Au+Au
o o o
D O o

O
N

.

Sensitivity to inclusive jet-quenching

T

Simulation Results
- sPHENIX Unfold Projection
Jet Quenching (Qin et al.)
Jet Quenching (Vitev et al.) w/o CNM effects
ssnnnnnnnm Jet Quenching (Vitev et al.) w/ CNM effects '
Eoooooooooo¢¢++{}oooo—
E———’ﬁ—‘;

lllllllllllllllllll|llll|llll|lllllllll

0 25 30 35 40 45

50

55

60

Transverse Energy [GeV] (Jet R=0.2)

~10% systematic
from unfolding

Al
>EENIX

2012-08-23  J.A. Hanks -

Future Jets at RHIC with sPHENIX

1\\\‘ Stony Brook University 16



Sensitivity to di-jet asymmetry

L L e ITT T T T -
- '| E1y>35 GeV, E > 5 GeV, anti-k_ R =0.3 - Ery>35GeV, E,>5 GeV, anti-k, R=0.3
|’ | |’ B Truth: PYTHIA (vacuum case)
©| O 3.5 ——@—— Measure: PYTHIA (vacuum case) OO 61—
o - o ———— Truth: PYQUEN (Au+Au 10% central case)
] B () B
|z 3 ——@—— Measure: PYQUEN (Au+Au 10% central case)| ' |2 - ——@—— Unfold: PYTHIA (vacuum case)
E 7 ST W —#—— Unfold: PYQUEN (Au+Au 10% central case)
2.5 :—‘__‘_—Q— —: - 7]
- -@- 7 — —
— —&- ] N
2r ~0- - 5
s B 3 - —&- Z ]
. = ¢ ._—.—+ t - +_‘_ - 7
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1

o Approximate unfolding:

statistics available from ~1yr (20 wks)

= recover underlying asymmetry
- embedded in 0-10% HIJING

= remain sensitive to modification!
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Sensitivity to y-jet asymmetry

LI.I‘ — EY > 20 GeV, Eje( > 10 GeV, aml.kT R=0.3 |_|_|‘>|__6 E, > 20 GeV, Ejet >10 GeV, anti-k R=0.3
= \.‘ B > \H Truth: PYTHIA (vacuum case)
e u.l2 1 _?l | SIEASENES IR AEEA (FACHED CRReE) © I.IJ'_;_)' 4 Truth: PYQUEN (Au+Au 10% central case)
<. Measure: PYQUEN (Au+Au 10% central case) o —l— Unfold: PYTHIA (vacuum case)
‘-lz ’* ++++ Flf —Jl— Unfold: PYQUEN (Au+Au 10% central case)
08| 4 + + + 1.2

—
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Uncertainties shown correspond to Full unfolding with ROOUNFOLD
statistics available from ~1yr (20 wks) = recover underlying asymmetry

- embedded in 0-10% HIJING = more sensitive to modification!
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Recovering ‘lost’ energy

T ‘ T T T T

2.5 5<p. <9 GeV/c x 0.5 <p! <7 GeV/c
) ° |A¢| > /2
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Direct photons at RHIC

10-2l —r 1 1. | 1 r r. [ r 1 T [ T T T [ T T T 3 0: T T T T T I T I ; | y —3
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10" __\ ‘ep-p 5.5 TeV INCNLL1.4 CTEQ®6 K_KP l i

- o L. calc. via P. Steinberg]
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« v/m very large at RHIC

* good S/B >20GeV

* substantial rate even >30GeV

* RHIC a very good place for y-jet correlations
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Identifying truth jets

deep within the HIJING Event Generation...
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Identifying truth jets

deep within the HIJING Event Generation...

parton 1
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Identifying truth jets

deep within the HIJING Event Generation...

parton 1

!

hadrons A
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Identifying truth jets

deep within the HIJING Event Generation...

parton 1

!

hadrons A

l

FastJet
anti-kt
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Identifying truth jets

deep within the HIJING Event Generation...

parton 1

!

hadrons A

l

FastJet
anti-kt

l

jet A(R=0.2)
jet A(R=0.3)
jet A(R=0.4)
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Identifying truth jets

deep within the HIJING Event Generation...

parton 1 parton 2
| |
hadrons A hadrons B
Fastlet FastJet
anti-kr anti-Kr

l

jet A(R=0.2)
jet A(R=0.3)
jet A(R=0.4)

|

jet B(R=0.2)
jet B(R=0.3)
jet B(R=0.4)
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deep within the HIJING Event Generation...

Identifying truth jets

parton 1

!

hadrons A

l

FastJet
anti-kt

l

jet A(R=0.2)
jet A(R=0.3)
jet A(R=0.4)
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parton 2
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hadrons B
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FastJet
anti-kt
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jet B(R=0.2)
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2012-08-23  J.A. Hanks -

parton 3

!

hadrons C

l

FastJet
anti-kt

|

jet C(R=0.2)

jet C(R=0.3)
jet C(R=0.4)

Future Jets at RHIC with sPHENIX

1\\\\ Stony Brook University 24



Identifying truth jets

deep within the HIJING Event Generation...

parton 1

!

hadrons A
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FastJet
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Well reconstructed jets

True HIJING Reconstructed
-9-37\\\‘\H‘\H‘\H‘H\‘\H‘H\‘H\‘\H‘HL 16 -@-37\\\‘H\‘H\‘\H‘H\‘H\Rﬂ\\‘\\\‘\\\ 16
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: | & : 2 R=0.2 anti-krt dijet
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[ * 6GeV |.x, « well reconstructed above
ol e ok 5 i background fluctuations after
j H*Z j j E‘ i subtraction
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True HIJING Reconstructed
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Jets at RHIC, really?

p+p LHC:{s = 5.5 TeV

smearing from very, very low pr

--------- Pb+Pb LHC:\s = 5.5 TeV

p+p RHIC:\s = 0.2 TeV

o

£

3 N ' . ’ .

g .. o, T AurAu RHIC:\S = 0.2 TeV » jets are not independent fluc’s over full solid angle
io

* w/calorimetry what matters is no. of jet “patches’

R can be smaller than 0.4 (say, 0.2)
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Independent Particle Emission Background Model
dNen/dn(LHC)=2.5 dNcn/dn(RHIC)

<pr>(LHC)=1.2 <pr>(RHIC) * energy in a cone doesn'’t look like a jet

I TTTTITI}

» Jets from soft fluctuations =modified FF's

Central HI Collisions

—— LHC:\5 =55 TeV » internal CMS study: jets have a high pr hadron

= RHIC:\s = 0.2 TeV

| IlIIIIIl

p+p/p+p®Background Fluctuations

Anti-kr R=0.4

[T IIIIII|

« ATLAS is going to ~40 GeV/c with fake rejector
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pi:' [GeVic]
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Jorn Putschke (HP'12, RHIC/AGS '11); also Cacciari, Salaam, Soyez, Eur.Phys.J.C71:1692,2011

N2 ENIX 2012-08-23  J.A. Hanks - Future Jets at RHIC with SPHENIX Q\\\‘ Stony Brook University 27

I~



